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Background/Aims: To identify the predicting factors of present hepatitis C virus (HCV) infection among patients with 
positivity for antibodies to HCV (anti-HCV). 

Methods: We analyzed patients who showed positive enzyme immunoassay (EIA) results and performed an HCV RNA 
test as a confirmatory test at Kyung Hee University Hospital at Gangdong from June 2006 to July 2012. The features 
distinguishing the groups with positive and negative HCV RNA results were reviewed. 

Results: In total, 490 patients were included. The results of the HCV RNA test were positive and negative in 228 and 
262 patients, respectively. The index value of anti-HCV, mean age, platelet counts, total bilirubin, prothrombin time 
international normalized ratio, albumin and alanine transaminase (ALT) levels differed significantly between the two 
groups. On multivariable analysis, an index value of anti-HCV >10 [odds ratio (OR)=397.27, P<0.001), ALT >40 IU/L 
(OR=3.64, P=0.001), and albumin <3.8 g/dL (OR=2.66, P=0.014) were related to present HCV infection. 

Conclusions: Although EIA is not a quantitative test, considering the anti-HCV titer with ALT and albumin levels may 
be helpful in predicting present of HCV infection. (Clin Mol Hepatol 2013;19:376-381) 
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INTRODUCTION 

The hepatitis C virus (HCV) infection is a major public health 
problem. 1 It is estimated that approximately 130-210 million indi- 
viduals are chronically infected with HCV worldwide. 2 In Korea, 
the prevalence of antibodies to HCV (anti-HCV) is assumed to be 
about 0.4-2.1%. 3 4 As the incidence is increasing year by year, 
there is a growing interest in hepatitis C. 5 

As for the diagnosis of HCV infection, current guidelines indi- 



cate that patients suspected of having acute or chronic HCV infec- 
tion should first be tested for anti-HCV by enzyme immunoassays 
(ElAs), commonly available screening tests. 1 In patients with a 
positive anti-HCV test or who are immunocompromised or sus- 
pected of having acute HCV infection, an HCV RNA test should be 
performed to confirm HCV infection. 1 By directly detecting HCV 
RNA, the HCV RNA test has the advantage of distinguishing the 
presence of active HCV infection from past (but resolved) infection 
as well as verifying the presence of anti-HCV. 6 A recombinant im- 
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munoblot assay (RIBA) is the supplemental anti-HCV test with 
high specificity. A negative RIBA result indicates a false positive 
antibody test in most individuals with the exceptions of individuals 
in the acute early phase of infection and immunocompromised 
populations, while a positive RIBA result indicates past or current 
infection. 

Although the high sensitivity and specificity of current ElAs for 
anti-HCV were estimated particularly in high-risk patient groups 
with chronic liver disease, false-positive results are more likely to 
occur among populations with a low risk of HCV infection. 6,7 In ad- 
dition, the detection of anti-HCV may be seen during the recovery 
period of HCV infection as well as during a period of transient 
clearance of HCV RNA in acute HCV infection. 1 Therefore even if 
the EIA result for anti-HCV is positive, it cannot be diagnosed as 
HCV infection without a confirmatory test such as a HCV RNA test 
or RIBA. 6 

Due to the development of HCV treatment, there is a growing 
interest of sociology of health about diagnostic and therapeutic 
approach to asymptomatic patients with HCV infection. As a re- 
sult, a screening test for anti-HCV is getting a lot. By the way, 
when the positive anti-HCV result comes out at the time of screen- 
ing test, many patients are embarrassed particularly if they do not 
have risk factors for HCV infection or biochemical evidences of 
chronic liver disease. And their clinicians want to know the factors 
that may be helpful to predict a correct diagnosis while waiting 
the confirmatory test result. Accordingly, we conducted an obser- 
vational study to determine the factors that can predict present 
HCV infection among the patients positive for anti-HCV. 



PATIENTS AND METHODS 

Study population 

The subjects who attended the Kyung Hee University Hospital 
at Gangdong from June 2006 to July 2012 were investigated. We 
evaluated all patients who showed positive results of EIA for anti- 
HCV (index value of anti-HCV >1 .00) and performed the HCV RNA 
test as confirmatory test. A total of 1,143 subjects were positive 
for anti-HCV EIA, 653 subjects who did not complete confirmatory 
test, including the patients already diagnosed with hepatitis C 
were excluded. Accordingly, 490 patients were included. We di- 
vided the patients into the positive HCV RNA group and the nega- 
tive HCV RNA group (Fig. 1). 
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Figure 1. Flow diagram of the patients. RIBA, recombinant immunoblot 
assay. 

Methods 

Enzyme immunoassay 

The presence of anti-HCV was determined by an Advia Centaur 
HCV immunoassay (Siemens Healthcare Diagnostics, Tarrytown, 
NY, USA), the third generation version of EIA, using an indirect 
two wash sandwich immunoassay. 8 It uses two recombinant HCV- 
encoded (c200 and NS5) antigens and one synthetic HCV-encoded 
core (c22) peptide. The c200 protein is derived from both the NS3 
and NS4 sequences. The relative light units are used to calculate 
the index value from the master curve. Samples with an index val- 
ue of <0.80, >0.80 but <1 .00, and >1 .00 were considered nonre- 
active, equivocal, and reactive for anti-HCV immunoglobulin G 
(IgG), respectively. 

Recombinant immunoblot assay 

The third generation immunoblot assay (LG HCD Confirm, LG 
Life Sciences, Seoul, South Korea) was performed for detection of 
anti-HCV using five recombinant antigens consisting of Core 14 
(core), Core 518 (core/NS3), E1E2NS4 (E1.E2 membrane/NS4), 
KHCV897 (NS3), and NS5 1.2 (NS5). 

HCV RNA test 

HCV RNA was detected by the COBAS TaqMan HCV quantita- 
tive assay and the COBAS Amplicor HCV 2.0 qualitative assay 
(both from Roche Molecular Systems, Branchburg, NJ, USA). 9,10 
The lower detection limits of the each assay are 15 lU/mL and 50 
lU/mL, respectively. All assays were performed according to the 
manufacturer's recommendations. 

Clinical parameters and laboratory data 

Age, gender, past medical history (including diabetes mellitus 
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(DM), hemodialysis treatment, hemophilia, and HIV infection), in- 
dex values of anti-HCV IgG, and laboratory test results (including 
platelet count, hemoglobin, total bilirubin, prothrombin time inter- 
national normalized ratio (PT INR), albumin, alanine transaminase 
(ALT), and alkaline phosphatase (ALP) were reviewed retrospec- 
tively. 

Statistical analysis 

Chi-square test and Fisher's exact test were used to compare 
categorical data while continuous data were compared using a t- 
test. Platelet count, hemoglobin, albumin levels were divided by 
the lower limit of the normal range, and total bilirubin, PT INR, 
ALT, ALP levels were divided by the upper limit of the normal 
range for our laboratory. The cutting point for the index value of 
anti-HCV IgG was defined as 10 considering the reports of other 
researchers. 11 A logistic regression test was applied to the vari- 
ables with a /"-value less than 0.10 in the univariate analysis. A 
two-sided F-value less than 0.05 was considered significant. Sta- 
tistical analyses were performed using PASW Statistics for Win- 
dows, Version 18.0 (SPSS Inc. Chicago, IL, USA). 

RESULTS 

Clinical characteristics of study subjects 

Among the 490 subjects positive for anti-HCV EIA, present in- 
fection was confirmed among 228 (46.5%) of the patients who 
showed positive HCV RNA test results and 262 (53.5%) of the pa- 
tients revealed negative HCV RNA results. Sixty-six patients who 
showed negative RIBA results revealed false positive results of an- 
ti-HCV EIA. One hundred seventy-eight patients with negative 
HCV RNA results did not have present HCV infection but false 
positivity of the anti-HCV EIA test or past infection was not con- 
cluded because they revealed an indeterminate RIBA result or did 
not perform a RIBA. Among the 63 RIBA positive patients, HCV 
RNA was detected in 45 patients (71.4%), and 18 patients 
(28.6%) showed negative HCV RNA test results. These results 
mean that the former is present HCV infection, while the latter is 
past infection (Fig. 1). 

Univariate analysis between the positive HCV 
RNA group and the negative HCV RNA group 

In the positive HCV RNA group, the mean age (59.4±14.5 vs. 
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Figure 2. Index values of anti-HCV immunoglobulin G in the positive 
and negative HCV RNA test groups. The index value of anti-HCV was 
>10 in 99.1% of those in the positive HCV RNA group but only 19.1% of 
those in the negative HCV RNA group. 

53.6±20.9) was higher than in the negative HCV RNA group. Dia- 
betes mellitus was more common in the positive HCV RNA group 
(20.6% vs. 14.9%), but statistically there was no significant differ- 
ence between the two groups (/ 3 =0.096). Other comorbidities 
such as renal disease on hemodialysis, hemophilia, and HIV infec- 
tion showed no differences between the two groups. Most of the 
positive HCV RNA group showed index values of anti-HCV IgG 
>10 (99.1%), while only 19.1% of the negative HCV RNA group 
showed index values of anti-HCV IgG >10 (Fig. 2). Low levels of 
platelet counts, albumin and high levels of total bilirubin, PT INR 
and ALT were frequently discovered in the positive HCV RNA 
group (/><0.05) (Table 1). 

Multivariate analysis of factors for predicting 
present HCV infection 

According to a multivariable logistic regression analysis, a posi- 
tive HCV RNA test result was independently associated with index 
values of anti-HCV IgG >10 (odds ratio: 397.27, /><0.001), ALT 
levels >40 IU/L (odds ratio: 3.64, ^=0.001), and albumin levels 
<3.8 g/dL (odds ratio: 2.66, />=0.014) (Table 2). 



DISCUSSION 

This study was conducted to identify the predictive factors as- 
sociated with positive results of an HCV RNA test in the case of 
positive screening results of anti-HCV EIA. As a result, high index 
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Table 1. Comparison of characteristics in the positive and negative HCV RNA groups among the enzyme immunoassay positive patients 





HCV RNA (+), (n=228) 


HCV RNA (-), (n=262) 


P-value 


Aqe vr 


59.4+14.5 


53.6±20.9 


<0.001 


Male 


121 (53.1) 


121 (46.2) 


0.128 


DM 


47 (20.6) 


39 (14.9) 


0.096 


Hemodialysis 


9 (3.9) 


11 (4.2) 


0.889 


Hemophilia 


9 (3.9) 


12 (4.6) 


0.730 


HIV infection 


1 (0.4) 


0(0) 


0.465 


Index Value of anti-HCV IgG 






<0.001 


<10 


2 (0.9) 


212(80.9) 




>10 


226 (99.1) 


50 (19.1) 




Platelet, x!07uL 


182+79 


235+85 


<0.001 


<130:>130 


63:159 


22:233 


<0.001 


Hemoglobin, g/dL 


12.7+2.6 


12.8+2.1 


0.858 


<13:>13 


103: 119 


131: 124 


0.313 


Total bilirubin, mg/dL 


1.0+1.2 


1.0+1.6 


0.677 


<1.2:>1.2 


170: 48 


220:33 


0.010 


PTINR 


1.13+0.22 


1.12+0.38 


0.836 


<1.16:>1.16 


133:52 


180:40 


0.023 


Albumin, g/dL 


3.8±0.6 


4.0±0.5 


<0.001 


<3.8:>3.8 


88:132 


66:190 


0.001 


ALT, 1U/L 


87+179, 42 (5-1910)* 


61 ±209, 19(2-2442)* 


0.154 


<40:>40 


104:115 


208:49 


<0.001 


ALP, IU/L 


274±148,247 (60-1523)* 


291 ±209, 234 (81-1450)* 


0.296 


<338:>338 


177:42 


200:53 


0.647 



Data are presented as number (%). 

IgG, immunoglobulin G; PT, prothrombin time; INR, international normalized ratio; ALT, alanine transaminase; ALP, alkaline phosphatase. 
*Mean±SD and median (range). 



values of anti-HCV, high ALT and low albumin levels were related 
to the present HCV infection. These findings are consistent with 
the Center for Disease Control and Prevention's guidelines describ- 
ing a good correlation between high signal cut-off (S/CO) ratios of 
anti-HCV and HCV infection. 6 In several studies on the diagnostic 
efficacy of cut-off ratios of anti-HCV, it was suggested that the SI 
CO ratios of screening tests could be used to determine need for 
reflex supplemental testing. 6, n " 13 Therefore if anti-HCV titer is low, 
the positive EIA result requires careful interpretation in order to di- 
agnose present HCV infection. However, the diagnosis should not 
be made solely based on the S/CO ratios because negative HCV 
RNA test results occasionally can occur despite the high S/CO ra- 
tios of anti-HCV. Additionally, high ALT and low albumin levels 
were associated with the present HCV infection. It appears that 
the subjects with liver disease such as hepatitis or liver cirrhosis 



were included as part of the study population. Accordingly, in the 
case of a positive result of anti-HCV, considering the above find- 
ings comprehensively may be helpful to anticipate confirmative re- 
sults during the screening stage. 

In this study, the diagnostic accuracy of the EIA test cannot be 
dealt with because EIA negative patients were not included. But 
the HCV RNA positive rate among the subjects with positive re- 
sults of EIA for anti-HCV was relatively low at about 46.5% 
(228/490). This seems to be due to the circumstance that this 
study was not performed focused on the high-risk patient popula- 
tion, and included the subjects with a low pretest probability of 
infection in a general hospital where anti-HCV test is routinely 
performed at admission, preoperational workup and so on. 

The DM prevalence of 20.6% in the positive HCV RNA group 
was higher than that of the 14.9% in the negative HCV RNA 
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Table 2. Results of multivariable analysis of the predictive factors for positive HCV RNA test results 





HCV RNA (+) 


HCV RNA (-) 


R Coefficient 


OR (95% CI) 


P-value 


Age 






0.017 


1.02 (1.00-1.04) 


0.107 


DM 


47 (20.6) 


39 (14.9) 


0.457 


1.58(0.61-4.10) 


0.348 


High index value of HCV IgG 


<10:>10 


2:226 


212:50 


5.985 


397.27(91.52-1724.46) 


<0.001 


High ALT, IU/L 


<40:>40 


104:115 


208:49 


1.292 


3.64(1.72-7.69) 


0.001 


Low albumin, g/dL 


<3.8:>3.8 


88:132 


66:190 


0.979 


2.66 (1.22-5.79) 


0.014 


High total bilirubin, mg/dL 


<1.2:>1.2 


170:48 


220:33 


0.289 


1.34 (0.47-3.77) 


0.585 


High PTINR 


<1.16:>1.16 


133:52 


180:40 


0.206 


1.23 (0.43-3.50) 


0.699 


Low platelet, xl07uL 


<130:>130 


63:159 


22:233 


-0.168 


0.85 (0.29-2.51) 


0.762 



Data are presented as number (%). 

IgG, immunoglobulin G; PT, prothrombin time; INR, international normalized ratio; ALT, alanine transaminase; OR, odds ratio; CI, confidence interval. 



group. It is correlated with the findings that HCV is associated 
with insulin resistance and DM through the complex interplay be- 
tween host and viral factors such as the direct effects of HCV in 
modulating insulin signaling via core proteins and NS5A. 14 

As a retrospective observational study, this study has several 
limitations. First, in the case of positive anti-HCV EIA results and 
negative HCV RNA test results, a single negative HCV RNA result 
does not rule out active infection. During the period of low-level 
viremia in acute HCV infection, HCV RNA may be undetected. 
Though there is a possibility of the presence of acute HCV infec- 
tion among the patients showing negative HCV RNA test results, 
we did not perform a follow-up HCV RNA test in all patients. Sec- 
ond, patients with negative anti-HCV and positive HCV RNA were 
not enrolled in the study because acute HCV infection could not 
be distinguished from chronic HCV infection within the clinical 
context. Also because anti-HCV negative patients were not in- 
cluded in this study, diagnostic value of anti-HCV titer >10 could 
not be evaluated. Third, in some patients RIBA was not performed 
supplementally due to various clinical situations, detailed diagnos- 
tic information could not be given in all patients. 

In conclusion, although EIA is not a quantitative test, it is sug- 
gested that considering index values of anti-HCV with ALT and al- 
bumin levels may be helpful to predict present HCV infection. 
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